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Introduction

20
The importance of crown ether systems systems to all areas of the chemical community continues to grow.
1
Their significance stems from the range of properties they display (not the least of which is their ability to encapsulate metal cations) and has inspired the preparation of a wide range of 25 examples of derivatised versions of archetypal crowns such as 18-crown-6. These are generally prepared through modification of the carbon backbones via incorporation of functionalised groups into the macrocycle. Although this can involve a range of different groups, and the resulting products 30 can, in turn, react to derivatise the systems still further, in all such cases the variation upon the basic crown ether unit is brought about by modification to the carbon backbone prior to cyclisation. This is because the inertness of both the backbone, and of the oxygen atoms, precludes derivatisation 35 post ring closure.
Mixed thia/oxa crowns have been studied widely, again, mainly due to their ability to encapsulate metal cations. Thus the transition metal chemistry of [18] aneO 5 S and [18] aneO 4 S 2 (3) (and, indeed, of the the Se/O and Te/O analogues of the 40 former) has been explored extensively by one of the authors (GR).
2 In contrast to the crowns containing only oxa-ether units, these mixed systems do have the potential to undergo derivatisation thanks to the presence of the more reactive thiaether centre(s). Despite this clear possibility, post ring- 45 closure modification of these types of macrocycles is still poorly documented. In one example, Dann et respectively. Some subsequent work on this sulfoxide was reported, 4 as were studies into examples of thia-crowns bearing S=O units, 5 but until a recent preliminary report on our part, no examples were known of systems wherein this methodology had been used to extend functional 55 derivatisation of crowns.
In that preliminary report we showed that reaction of [18] aneO 5 S with the aminating agent MSH resulted in the formation of the sulfimidium cation, {[18]aneO 5 (S=NH 2 } + (Scheme 1).
6
Deprotonation and bromination, using, 60 consecutively, lithium diisopropylamide (LDA) and Nbromosuccinimide (NBS), allowed the in situ generation of [18] aneO 5 (S=NBr). The known temperature-sensitive nature of dialkylsulfimides necessitated the one-pot reaction be carried out at low temperature (−78 o C) and the product 65 reacted immediately, in this case with the parent crown. This resulted in the linked crown system [({[18] aneO 5 S} 2 N)] + , in which the two crowns are joined via a sulfimide nitrogen. Despite the additional charge on the linked crowns imparted by the S−N−S bridge, importantly we were also able to 70 demonstrate that the molecule was still able to accommodate a sodium cation bound via the ether O atoms.
The aforementioned report thus confirmed the viability of an entirely new class of reaction within crown ether chemistry, namely significant post ring-closure derivatisation. 75 Here we demonstrate that this technique is applicable to a range of other ring systems and, in addition, that within the dithiacrown [18]aneO 4 S 2 intramolecular sulfimidation is also possible. -1 : 3216, 3055, 3002, 1579, 1479, 1427, 1391, 1266, 1152, 1086, 851, 739, 708, 626, 3284, 3161, 3055, 3035, 2926, 2871, 1578, 1475, 1457, 1423, 1397, 1154, 1136, 1107, 1092, 927, 844, 733, 710, -salts of 4 (Fig. 3) and 5 (Fig 4) provide further evidence for the formulations of these unusual examples of coupled macrocyclic species (albeit the crystal quality of the latter is rather poor, hence detailed comparisons of bond lengths etc are not justified, though connectivity is certainly 55 established). As noted earlier, the 13 C{ 1 H} spectra show a number of lines equivalent to the number of chemically independent carbons. Thus while the solid state structure in Fig.3 oxygen atoms of one ring exhibit significant interactions with the sodium cation, but only two (the most distant from the sulfur) from the other ring are involved in bonding. So even with such large rings present, the limiting action of the "hinge" at the nitrogen atom precludes symmetric 80 coordination to the enclosed sodium. It is therefore not surprising that within 4 and 5 encapsulation of the sodium is not observed. In the case of the dithiacrown 3 the presence of two potential reaction sites provides the opportunity for variation 85 on the sulfimidation reactions seen thus far. The simplest reaction is, of course, that with one molar equivalent of MSH, and as expected this results in amination of one of the sulfur atoms to give the ionic species {[18]aneO 4 S 2 (NH 2 )} + (3a) in good yield (Scheme 2). As with the previous examples, 90 addition of a slight excess of Na [BPh 4 and the third at 47.6 ppm due to the H 2 NSCH 2 unit. Further authentication of this species comes from its X-ray structure which is shown in Fig. 5 Fig. 6 shows, the molecule forms 12 In the latter case the formation of the transannular bridge was unexpected; it most likely occurs via loss of [NH 4 ] + from the initial product, {[9]ane(SNH 2 ) 3 } 3+ . In contrast, the formation of (6) is a rational synthesis that can be expected to be applicable to 25 all crown systems bearing two sulfur atoms. .
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Instrumentation and conditions
Results and discussion
Conclusions
The formation of the simple sulfimidium derivatives of crowns 1-3 confirms the general viability of MSH as 30 aminating agent for mixed thia/oxa crown systems. In conjunction with the preliminary work on reactions of [18]aneO 5 S it confirms that this constitutes a very effective new route for derivatisation of such crowns. The amenable bridging reactions have great potential for further utilisation, 35 both from the point of the view of the linked crown systems such as 4 and the intramolecularly bridged species such as 6. In terms of the former class of compound, it is clear that a wide variety of arrangements is possible, depending upon the crowns chosen as starting materials. The demonstrated ability 40 of the larger ring systems to coordinate to a Na + guest ion indicates that a significant new area of macrocyclic coordination chemistry should result from this approach. In terms of the intramolecular bridge motif it is clear that many variations on 6 should be possible. The presence of unique 45 macrocycles within this structure also suggests that linking of the ends of chain thia/oxa ethers should be possible, with sulfimide nitrogen atoms forming bridges that generate new cyclic structures. Work on all these fascinating possibilities is underway. 
